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Abstract Poa annua, an alien species reported from the
Antarctic continent and many Antarctic and sub-Antarctic
islands, was accidentally introduced in the vicinity of the
Polish Antarctic Station H. Arctowski. Recently the species
has been found entering native plant communities. In
almost 30 years it dispersed over 250 m from the site it
was first observed and can therefore be considered inva-
sive. We report the first steps to eradicate the species fol-
lowing the initial research to quantify the biology, ecology
and genetics of the species. After detailed mapping of all
1439 tussocks located in the Arctowski Station area we
removed 314 tussocks closest to a moss carpet formation
(native plant community of high conservation value). All of
the 49 tussocks growing in the Ecology Glacier forefield
were removed. It is the biggest alien plant eradication act
conducted so far in Antarctica. We plan to continue the
eradication process and monitor the eradicated sites. This
will provide valuable information on impacts and issues
related to removal of alien species in the maritime Antarctic
and will help in informing future decisions on management
of other plant invasions in the region. Given the increasing
human traffic to the Antarctic and the associated risks of
invasion our results will be important not only for Arctowski
but also for the whole Antarctic region.
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Introduction
Poa annua L. (American common name: annual bluegrass,
English common name: annual poa), an alien species to the
Antarctic, was first reported in the vicinity of the Polish
Antarctic Station H. Arctowski some 30 years ago (Olech
1996; Chwedorzewska et al. 2015). At Point Thomas Oasis P.
annua inhabits anthropogenic sites, where the soil structure
has been altered with equipment used for maintenance of the
Station. The species also occupies humid sites sheltered from
the wind where it is accompanied by two native flowering
plants, Deschampsia antarctica Desv. and Colobanthus
quitensis (Kunth) Bartl., and mosses such as Bryum pseu-
dotriquetrum (Hedw.) P. Gaertn., B. Mey. & Scherb. and
Ceratodon purpureus (Hedw.) Brid. (Olech and Chwe-
dorzewska 2011). Moreover, annual bluegrass produces
viable caryopses, which may be fit to outcompete the local
vascular plant seed germination (Wo´dkiewicz et al. 2013).
During the 2008/2009 austral summer an extensive
population of P. annua was recorded on the deglaciated
moraines of the Ecology Glacier, approximately 1.5 km
from Arctowski at the area of Antarctic Specially Protected
Area (ASPA) 128. This new population consisted of about
70 tussocks occupying about 100 m2 (Olech and
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Chwedorzewska 2011). In the 2014/2015 austral summer
season several P. annua tussocks were found growing at
the border of a moss carpet formation described by Fur-
man´czyk and Ochyra (1982) and on a talus cone at the foot
of rocky ledge Upłaz near the Station. Surveys were also
undertaken of the Ecology Glacier area to determine that
the previous reported P. annua plants were persisting.
Due to the danger of displacement of the species of
especially valuable native plant communities we started an
eradication project of P. annua in the Point Thomas Oasis
area. The project was preceded by detailed necessary research
investigating the biology of the species in accordance to
guidelines regarding the eradication/control of alien species
by Simberloff (2003a, b). The distribution, morphology,
ecology, genetics, physiology, expansion history and potential
sources of introduction of the species was determined through
multi-author interdisciplinary studies (e.g., see Olech and
Chwedorzewska 2011; Lityn´ska-Zaja˛c et al. 2012; Molina-
Montenegro et al. 2014; Pastorczyk et al. 2014; Chwe-
dorzewska et al. 2015; Giełwanowska and Kellmann-Sopyła
2015; Giełwanowska et al. 2015; Kellmann-Sopyła and
Giełwanowska 2015; Kellmann-Sopyła et al. 2015). The
research showed that the species is expanding in the anthro-
pogenic sites as well as starts to invade native communities
(Olech and Chwedorzewska 2011), has a distinctive mor-
phological architecture in response to local harsh conditions
(Galera et al. 2015) and produces a viable soil seed bank
(Wo´dkiewicz et al. 2013, 2014). Poa annua has been acci-
dentally introduced from Poland, and the population probably
has been subsequently replenished from other sources like
Argentina and Chile (where the part of cargo came from,
Lityn´ska-Zaja˛c et al. 2012). This hypothesis seems to be
supported by high level of genetic variability of Antarctic
population (Chwedorzewska 2008; Chwedorzewska and
Bednarek 2012). Therefore, this alien population may present
a potential threat to the native flora.
This paper is a report of the activities carried out to
prevent further spread of P. annua into natural habitats on
King George Island and the preliminary attempt at eradi-
cation. By initializing this action we aim to eradicate the
species from sites established close to native vegetation,
and also collate information on the management of this
species for future management of new invasions to
Antarctica given the increasing human activity (e.g.,
Hughes et al. 2015). In this way our research gained a
practical aspect for the conservation of the studied system.
Materials and methods
During the Antarctic summer season of 2014/2015 detailed
searches were carried out at the Point Thomas Oasis. The
position of P. annua sites was measured by GNSS
technology. Additionally ground surveys were used to
establish a permanent grid of 10 9 10 m in the vicinity of
the Arctowski Station (620904100S, 582801000W). The grid
covered the whole area adjacent to the Station buildings
where P. annua tussocks were present. Distribution of P.
annua within Arctowski Station (Fig. 1) is based on a map
(scale 1:500) prepared by the Faculty of Geodesy and
Cartography of Warsaw University of Technology during
the XXXIX Polish Antarctic Expedition.
Subsequently plants from the southern part of the extant
population which was closest to the moss carpet formation
were removed. This was the area with the highest conser-
vation value given its proximity to native vegetation,
unlike the remaining Arctowski area which is highly
modified by anthropogenic activity. The removal was
conducted by hand by qualified scientific staff (2 persons)
carefully not to disturb native plant species. Plants were
eradicated before they produced flowers to prevent seed set
and dispersal (from 3 February to 17 March 2015). All sites
of P. annua tussock removal were mapped (Fig. 1) and
marked in the field by pins. We defined a site as a group of
tussocks separated from each other by no more than 0.5 m.
Two sites located on the road frequented by Station vehi-
cles were not pinned.
Height and width of tussocks were measured in the field.
Each tussock was dug up with the roots, transported to the
Station laboratory and washed to dispose of the soil. Sub-
sequently removed tussocks were disintegrated to check
the number of individual plants forming them. All col-
lected specimens were placed in silica gel and transported
to Poland for further studies (after germination experiments
the samples will be incinerated in Poland). Our earlier
research (Wo´dkiewicz et al. 2014) indicated that the
structure of the soil seed bank is highly associated with the
location of tussocks. We can therefore expect that addi-
tional topsoil removal from underneath the tussocks should
efficiently restrict population recover from the soil seed
bank. Therefore, the eradication was carried out in two
methods: (1) removal of plants and (2) removal of plants
and the associated upper soil layer (approximately
0–10 cm) from underneath of plants. This scheme allows
for future observations of the eradication success of these
two methods and potential recruitment of plants from the
soil seed bank.
All the tussocks from the forefield of Ecology Glacier
were removed according to the scheme described above.
The location of their removal sites has been marked by pins
and their GNSS coordinates to monitor recovery of the
sites in future. All field activities took 9 days (subject to
interruptions due to severe weather conditions) work of two
experienced scientists. We assess the workload to amount
to 50 person-hours in the field and additional 50 person-
hours in the laboratory.
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Results
The population of P. annua near the Station constituted of
1439 tussocks. 314 of them were removed from 46 sites
(see Fig. 1 and section A in Online Resource 1). We have
eradicated about 25 % of P. annua population in Point
Thomas Oasis. The eradicated tussocks consisted alto-
gether of 636 P. annua individuals with an average of 2.03
individuals per tussock and a maximum of 36 individuals
recorded in one tussock. The average diameter of removed
tussocks was 1.4 cm. The removed tussocks grew in vari-
ous environmental conditions: vicinity of buildings, roads,
fresh water bodies, near moss carpet formation (see Fig. 1)
and on the deglaciated moraine of Ecology Glacier (Online
resource 1). Our morphometric measurements may be
therefore considered representative for Point Thomas Oasis
annual bluegrass population.
At the forefield of Ecology Glacier P. annua was found
growing at five sites: 6210002.500S, 5827050.800W (site 1);
6210003.600S, 5827049.300W (site 2); 6210003.900S,
5827049.900W (site 3); 6210003.500S, 5827049.600W (site
4); 6210003.600S, 5827049.600W (site 5). All of the 49
found tussocks consisting of 57 individuals have been
removed (section B in Online Resource 1). The maximum
number of individuals in one tussock was seven.
The distribution map of P. annua in the vicinity of
buildings at Arctowski Station in the austral growing sea-
son of 2014/2015 indicates the presence of tussocks in 76
quadrates neighboring the buildings (Fig. 1). Numerous
tussocks occurred on the border of anthropogenic sites
(roads and road sides). Several sites have been recorded in
the immediate vicinity of a native plant community—moss
carpet formation (see Fig. 1—sites: 32 in quadrate I-17,
33—quadrate H-21, 34—quadrate G-28 and 40—quadrate
Fig. 1 Distribution of Poa
annua in the vicinity of
Arctowski Station (Point
Thomas Oasis) in 2014/2015
austral summer. Location of the
studied site on King George
Island marked with a star on the
insert map. Poa annua removal
site numbers correspond to
numbers in Section A of Online
Resource 1
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J-16). One site occurred on the edge of a talus cone at the
foot of a rocky ledge Uplaz bordering the Station premises
(site 39 located in quadrate A-10).
Comparison of the present distribution of P. annua in
the Point Thomas Oasis with data on the first occurrence
highlights the dynamic nature of the species and changes in
its spatial distribution. Poa annua was first recorded at the
entrance to the main Station building (first record—austral
summer of 1985–1986, Olech 1996). Presently there are no
tussocks at this location (quadrate Y-10, Fig. 1). The dis-
tance between the location of the first tussock recorded in
Point Thomas Oasis and the most distant tussock recorded
in this study (site no 34, quadrate G-28, see Fig. 1) is more
than 250 m. Plants growing on the deglaciated moraines of
the Ecology Glacier (first recorded in this locality in the
austral summer 2008/2009) were even further away
(around 1.5 km) from the location of the first occurrence of
this species at Arctowski Station (Olech and Chwe-
dorzewska 2011; Chwedorzewska et al. 2015). The initial
genetic research indicated that their diaspores have been
most probably accidentally introduced from the vicinity of
the Station.
Discussion
Invasive species eradication or control is more feasible on
islands when the species occupies still a small area at the
beginning of the invasion process and with limited oppo-
sition from the society (Rejma´nek and Pitcairn 2002;
Simberloff 2003a). The P. annua population at Point
Thomas Oasis presents all the above-stated characteristics
which make the control/eradication effort still a realistic
goal.
Annual bluegrass is the most widespread alien plant
occurring on sub-Antarctic and Antarctic islands (Frenot
et al. 2005; Chwedorzewska et al. 2015). The species has
been reported from all major sub-Antarctic island groups
and is invasive on many of them (e.g., Gremmen and Smith
1999; Frenot et al. 2001, 2005; Williams et al. 2013). In
maritime Antarctic the species has been observed on King
George Island (Olech 1996), Deception Island (Skottsberg
1954; Longton 1966) and at couple of locations at
Antarctic Peninsula (Molina-Montenegro et al. 2012).
Richardson et al. (2000) defined ‘‘invasive’’ as ‘‘Natu-
ralized plants that produce reproductive offspring, often in
very large numbers, at considerable distances from parent
plants (approximate scales: [100 m; \50 years for taxa
spreading by seeds and other propagules […]), and thus
have the potential to spread over a considerable area.’’
Naturalized (established) species are considered to be
‘‘Those alien species, that sustain self-replacing popula-
tions for several life cycles or a given period of time
(10 years is advocated for plants) without direct interven-
tion by people, or despite human intervention’’ (Richardson
et al. 2000). Our results indicate that in the vicinity of
Arctowski Station annual bluegrass has spread on a dis-
tance of over 250 m during 30 years and sustains a self-
replacing population. If we extrapolate the average number
of individuals per tussock (about 2) from the eradicated
sites onto the whole population thriving at Arctowski
Station (more than 1400 tussocks have been recorded
during the 2014/2015 growing season), then the population
size may be estimated to over 2800 individuals. A further
57 P. annua individuals grew at the forefield of Ecology
Glacier (ASPA 128)—at a distance of around 1.5 km from
the location of the initial detection on King George Island.
The spatial and temporal dynamics of annual bluegrass
spread is sufficient to declare the species invasive at the
scale of Point Thomas Oasis. It is, however, necessary to
admit that this spreading is not exceptionally intense in the
sense of area occupied with time or the density of plant
cover in comparison with other alien plant invasions
worldwide.
Many authors acknowledge that the impact on the native
ecosystems and threat to native biological diversity are
important components of the ‘‘invasive’’ definition [com-
pare, e.g., Richardson et al. 2000; Frenot et al. 2005; Keller
et al. 2011 and definitions of invasion used by Invasive
Species Specialist Group—see About invasive species
(2008)]. Gremmen (1997) reported that he observed P.
annua to compete with undisturbed natural vegetation on
Marion Island (sub-Antarctic). So far no clear evidence on
the negative impact of P. annua on the native vegetation of
King George Island has been detected. Only the results of
Molina-Montenegro et al. (2012) show indirectly that there
is a possibility of effective competition for resources and/or
space between P. annua and D. antarctica or C. quitensis
(native flora of Antarctica contains only these two species
of flowering plants). However, in the habitat under question
species relations may not be driven by competition.
Species entering natural and semi-natural environments
are classified invasive (e.g., Richardson et al. 2000; Frenot
et al. 2005; About invasive species 2008) and such is the
case of P. annua at Arctowski. That the species started to
disperse from anthropogenic habitats into natural environ-
ments was the main reason for initiating eradication of the
species from ASPA 128 and from the vicinity of the
Station.
Invasive species should exhibit specific adaptations
enabling its persistence and population development in
new conditions. Shah and Shaanker (2014) state that
‘‘Species could be regarded as invasive only when after
adaptation in non-native habitats they reach yet another
fitness maximum.’’ In the case of P. annua some functional
traits typical of the species proved to be advantageous in
942 Polar Biol (2017) 40:939–945
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polar conditions (see Giełwanowska et al. 2011; Chwe-
dorzewska et al. 2015). The ability of this species to persist
on King George Island may be attributed to such traits as:
significant increase in frequency of epigenetic variability
(Chwedorzewska and Bednarek 2012), unique phenotypic
response (Galera et al. 2015) and high concentration of
soluble carbohydrates in plant vegetative organs (Pastor-
czyk et al. 2014) as well as in seeds that ‘‘can be a meta-
bolic future indicating the readiness of caryopses to start of
germination in short period of favorable growing condi-
tions’’ (Kellmann-Sopyła et al. 2015). Annual bluegrass is
preconditioned to successful establishment in the region
and maintains a soil seed bank in the Antarctic (Wo´dkie-
wicz et al. 2013, 2014).
Hughes et al. (2015) pointed out the necessity of eradica-
tion of P. annua at Arctowski; however, they stated that from
the Polish operator ‘‘no attempt at eradication has been
reported.’’ Their manuscript submission was received by the
editorial staff on January 5, 2015 and published online on
March 10, 2015 (Hughes et al. 2015) we were working on the
initial steps of eradication just as snow cover retreated in
February and March 2015 (see report: Eradication of a non-
native grass P. annua L. from ASPA No 128 Western Shore
of Admiralty Bay, King George Island, South Shetland
Islands 2015). All of our earlier research regarding the biol-
ogy and genetics of P. annua at Arctowski (Olech and
Chwedorzewska 2011; Lityn´ska-Zaja˛c et al. 2012; Wo´dkie-
wicz et al. 2013, 2014; Molina-Montenegro et al. 2014;
Pastorczyk et al. 2014; Chwedorzewska et al. 2015; Galera
et al. 2015; Giełwanowska et al. 2015; Kellmann-Sopyła et al.
2015; Kellmann-Sopyła and Giełwanowska 2015) was aimed
at informed eradication/control of the species. Our actions
preceded by the stated initial research enabled an analysis of
the invasion process in the Antarctic and provided detailed
documentation of eradication. This presents added value for
detection, control and/or eradication of any new potential
other newcomers (Chwedorzewska et al. 2015).
Negative impact of P. annua eradication campaign from
Point Thomas Oasis was negligible (compare Hughes et al.
2015 with our report—see Eradication of a non-native grass
P. annua L. from ASPA No 128 Western Shore of Admiralty
Bay, King George Island, South Shetland Islands 2015). The
collective area disturbed (up to 10 cm deep) during the
eradication was small (0.1 m2 at the Station and 0.0025 m2 at
the Ecology Glacier forefield, see Online Resource 1).
The eradication of Poa pratensis L. at Cierva Point has
been conducted at the same time (see The successful
eradication of P. pratensis from Cierva Point, Danco Coast,
Antarctic Peninsula 2015). This eradication involved the
removal of 1 continuous patch (0.53 m2, Pertierra et al.
2013). Our work included a much larger area to be sear-
ched as P. annua at Arctowski has a dispersed spatial
distribution with many more tussocks (Fig. 1). So far this is
the biggest eradication act conducted in Antarctica. Our
action is further continued (see Next step in eradication of
non-native grass P. annua L. from ASPA No 128 Western
Shore of Admiralty Bay, King George Island, South
Shetland Islands 2016), and subsequent reports will be
prepared with eradication progress.
The time from taking action to total or partial eradica-
tion of an alien species is problematic (Rejma´nek and
Pitcairn 2002; Brooks 2007). There is an evident trade-off
between taking immediate action and an action postponed
in order to gather information necessary for successful
eradication. With time the former may prove to be inade-
quately prepared and therefore ineffective. The later on the
other hand may be performed too late and also be inef-
fective. The choice is not at all straightforward (see Sim-
berloff 2003a: ‘‘For success in some eradication
campaigns, rapid reinvasion must be unlikely; in other
instances the economics of the situation may make the
attempt worthwhile even if reinvasion ensues’’). In the
maritime Antarctic annual bluegrass has only established
on King George Island. All the other records indicate only
a transient appearance of this species (Molina-Montenegro
et al. 2012; Chwedorzewska et al. 2015). The expansion of
P. annua at on King Georg Island may be an example of
‘‘boom and bust’’ dynamics (Blackburn et al. 2011).
Defining species dynamics would require further long term
observations, what could lead to demographic explosion of
the species. Therefore, we decided to commence a wide
scope eradication action in the Point Thomas Oasis acting
now was thought necessary given: ‘‘even a moderate
increase in resources for early detection and eradication of
invasive weeds would be the most profitable investment’’
(Rejma´nek and Pitcairn 2002; see also Simberloff 2003a).
Similarly Molina-Montenegro et al. (2012) have eradicated
P. annua occurring near Chilean stations in 2009/2010
austral summer—after performing their field research.
Molina-Montenegro et al. (2015) suggested that future
repeated colonization may disable effective eradication of
the species with there being only the possibility to control.
Our research at Arctowski will identify whether recolo-
nization is from external sources or from the soil seed bank
and how long it takes for depletion of the seed store in soil.
It is worth noting that the biology of the species (i.e.,
autogamy, seed persistence, small seed size, minimal
requirements for germination, short life cycle, small plant
size) may still hamper effective total eradication.
Conclusions
For a couple of years P. annua has been classified as an
invasive species on King George Island (Chwedorzewska
and Bednarek 2012; Molina-Montenegro et al. 2014;
Polar Biol (2017) 40:939–945 943
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Chwedorzewska et al. 2015). Our research shows that the
species exhibits the characteristics of invasion given the
documented spread over time in the Point Thomas Oasis.
Our findings are important not only for Point Thomas
Oasis, but also for a broader Antarctic context as the spe-
cies is reported from many locations (e.g., Molina-Mon-
tenegro et al. 2012). The species may be introduced and
escape detection on various islands in the region, with
similar environmental factors, due to the remoteness of
these sites. Research undertaken at Point Thomas Oasis
identifies the need for P. annua eradication from such sites.
The process will be continued in successive years upon
Polish Station Operator consent. We propose the succes-
sive removal of P. annua patches from the vicinity of the
Station as well as monitoring sites where annual bluegrass
has been eradicated in the 2014/2015 growing season.
Presently Point Thomas Oasis remains a testing ground on
actions to be taken when the eradication process is not
started at the initial stage of invasion.
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